The objective of this study was to establish an association between academic performance in Math, Language Arts, and Science and the presence of sleep-related breathing disorders (SRBDs) among healthy schoolchildren from the city of Concepción, Chile. Healthy children were defined as those without comorbidities. Outcome measures of interest included the analysis of academic performance in Math, Language Arts, and Science and the presence of SRBD assessed using the Pediatric Sleep Questionnaire. Two-hundred and fifty-six children were included in the study (59.8% were boys). In the studied sample, SRBD prevalence was 24.6%. A significant association was observed between SRBD and a low performance in Math (odds ratio [OR]: 3
INTRODUCTION
Sleep-related breathing disorders (SRBDs) describe a group of conditions, from simple snoring (primary snoring) to obstructive sleep apnea (OSA). 1 OSA is characterized by intermittent, partial or complete upper airway obstruction, 2 with a worldwide prevalence of up to 4% among children, and it is the cause of up to 18% of habitual snoring among Chilean children and adolescents. 3, 4 Considering that the standard method for SRBD diagnosis is a polysomnography, which results in a high economic burden on the health system, indirect methods have been developed to detect OSA. One of these indirect methods is the Pediatric Sleep Questionnaire (PSQ), developed by Chervin et al. 5 The PSQ has been validated into Spanish by Vila et al., 6 and used in Chile as is, without a crosscultural adaptation, although it offers a sensitivity of 0.714, a specificity of 0.521, a positive predictive value of 0.521, and a negative predictive value of 0.714. 7 SRBD has been related to the development of cardiovascular and metabolic diseases in the pediatric population. 8, 9 In addition, there is evidence of an association between SRBD symptoms and neurocognitive disorders, which suggests that SRBD may be a potential cause of low academic performance in the student population. 10, 12 However, in our setting, studies aimed at establishing an association between the risk for SRBD and academic performance are scarce.
The objective of this study was to establish an association between performance in Math, Language Arts, and Science and SRBD using the PSQ among schoolchildren from the city of Concepción, Chile.
MATERIAL AND METHOD
Design: Cross-sectional study. P a r t i c i p a n t s : A m o n g 6 0 s c h o o l s , schoolchildren aged 6-14 years were selected by convenience sampling from 4 schools: 1 public school, 2 private schools, and 1 state-subsidized institution from the city of Concepción, Chile. Male and female children whose parents agreed to Academic performance and the presence of SRBD were the outcome measures of interest. Academic performance was considered as the average grade from 1 to 7 in Math, Science, and Language Arts. Grades were obtained directly from academic records by a blinded investigator. In addition, symptoms related to SRBD were assessed using the abridged version of the PSQ (see Annex). Before starting the study, the understanding of questionnaire items was assessed in a sample of individuals that matched the parents or caregivers of the studied children.
The questionnaire was completed by the children's parents or caregivers at home. Parents received the questionnaire together with basic instructions on how to complete it. 6 Finally, completed questionnaires were returned to the teachers of each class, who sent them directly to investigators.
The PSQ covers 3 domains: the first domain includes 8 items related to the child's behavior during the night and while sleeping; the second one has 7 items regarding the child's behavior during the day and other potential problems, such as delayed growth and obesity; and the third one includes questions related to the attention deficit hyperactivity disorder from the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV). For the first and second domains, the response format was yes/no/don't know. For the third domain, answer categories were never/sometimes/often/almost always. However, for analysis purposes, often/almost always were categorized as "yes" whereas never/ sometimes were categorized as "no." To estimate the final score, the sum of all yes answers was divided into the total number of yes/no answers. Thus, a score above 0.33 indicated the presence of SRBD in accordance with what was published by Bertrán et al. 6 Statistical analysis: Normality was measured using the Kolmogorov-Smirnov test. Descriptive statistics were established subsequently using average and standard deviation for quantitative o u t c o m e m e a s u r e s a n d p e r c e n t a g e s , f o r qualitative outcome measures.
To establish the association between the P S Q s c o r e a n d a c a d e m i c p e r f o r m a n c e , a partially-adjusted correlation coefficient was estimated based on years of education, BMI, and comorbidities. In addition, Student's t test was used for independent samples to compare academic performance between children with and without SRBD.
Finally, a logistic regression analysis was done using the odds ratio (OR) computed with the Mantel-Haenszel method, adjusted by years of education and comorbidities; homogeneity of the OR was estimated using the Breslow-Day test. ORs were described as absolute value and 95% confidence interval (CI). A p value of <0.05 was considered significant.
Ethical principles: Every child signed an informed assent, and parents signed an informed consent to authorize their children's participation in the study. The study was approved by the Institutional Ethics Committee.
RESULTS
Two-hundred and fifty-six children were included in the study (59.8% were boys), which accounted for a response rate of 51.4%. Their mean weight and height were 37.4 ± 12.7 kg and 1.4 ± 0.2 m. Their BMI Z score was 1.1 ± 1.2 kg/m 2 (interquartile range: 0.35-1.86). A low percentage of the sample had some comorbidities; the most common comorbidity was rhinitis (13.3%), followed by asthma (9.4%), and attention deficit hyperactivity disorder (2.3%). The average PSQ score was 0.22 ± 0.19 and the prevalence of children with SRBD was 24.6% (95% CI: 30.6-18.6). Biodemographic characteristics and academic history of the sample population are detailed in Table 1 .
Children at risk for SRBD had a lower academic performance compared to children without risk for SRBD (Figure 1) . In addition, the PSQ score showed a significantly negative correlation with academic performance in Math, Language Arts, and Science ( Table 2) .
The logistic regression analysis showed an association between the PSQ score and academic performance in the studied areas (Table 3) .
Lastly, no significant difference was observed in the size of the OR between public and private schools.
DISCUSSION
The results of this study indicated that the presence of SRBD, as assessed using the PSQ, had a negative impact on the neurocognitive ability of schoolchildren, which is evidenced in their academic performance inLanguage Arts, Math, and Science.
Our findings are consistent with those observed in previous studies. In this context, Galland et al. have recently demonstrated, using a meta-analysis approach, that SRBD was associated with poor academic performance in Language Arts, Math, and Science and learning difficulties. 13 In addition, in Chile, Brockmann et al. observed a strong association between SRBD and a low academic performance in Language Arts and Physical Education; however, it was not possible to determine such association with Math and Science. 4 In the study sample, SRBD prevalence was 24.6%, which was higher than what had been observed in previous studies conducted in other Chilean cities (18%). 4 This suggests that the association between SRBD and academic performance may be independent from SRBD prevalence in the study population. 4 Some studies have shown a higher SRBD p r e v a l e n c e i n s c h o o l s l o c a t e d i n l o w e r socioeconomic settings. 6, [12] [13] [14] Notwithstanding this, our findings did not show significant differences in SRBD prevalence or in the association between SRBD and academic performance between public and private schools.
M o r e r e c e n t l y , a n a s s o c i a t i o n h a s been observed between SRBD severity and neurocognitive disorders, which suggests that having a SRBD has an impact on children's neurocognitive ability by means of a doseresponse relationship. 15 In our study, the abridged version of the PSQ was used, which assessed SRBD-related symptoms only; however, it was not possible to establish their severity. 5 Therefore, in our findings it is not possible to establish such association, which should be addressed in future research.
A w e a k n e s s o f t h i s s t u d y i s t h a t t h e determination of sample exclusion criteria was the responsibility of parents, which makes it impossible to rule out a selection bias. In addition, although the PSQ has been used in Chile before, it has not been cross-culturally adapted to the Chilean population, which may result in a potential measurement bias.
Finally, it is possible to conclude that, in the studied sample, the presence of SRBD was associated with a low academic performance in Language Arts, Math, and Science. Future studies are required to establish the relationship between severity and effect. n
